Introduction
Many single crystals, such as Si, GaAs and some oxides, are synthesized from the liquid state by the Czochralski method on an industrial scale. In order to research the mechanism of crystal growth for the desired materials /1,2/, the structure and physicochemical properties, such as viscosity, density and surface tension of melts, have received much attention.
The low temperature ß-phase of barium borate (BaB2C>4) has been thought to be one of the most promising materials for a nonlinear optical crystal in the ultraviolet region /3,4/. Itoh et al. /5/ reported that a single crystal of ß-phase can be produced directly from the melt by the Czochralski method, using the chemically precipitated BaB204-4H20 and applying a large temperature gradient (125 *C/mm) at the crystal growth interface. Kouta et al. /6/ pointed out that the wellcrystallized ß-phase should be used as a starting material, and it is important not to set the temperature at higher than 1200 °C in melting. Kozuki and Itoh /7/ found that the ß-phase can be grown at 1048 'C, which is much higher than the α-β transition temperature (925 °C). Although the concept of Ostwald step rule or metastable state has been proposed /8,9/, these results are not wellexplained mainly because the high temperature α-phase is usually synthesized when the crystal growth process is done from the melt of barium borate /10/. In this regard, the melt structure of barium borate helps us to obtain the guiding principle for improving the crystal growth process of the ß-BaB2C>4 crystal.
To the best knowledge of the authors, no experimental information on the melt structure of BaB2C>4 is available. For this reason, we present our results on the structure of barium borate melt just after melting from
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an a-or ß-phase using a high temperature X-ray diffraction method.
Experimental Procedures
Barium borate powder was prepared by the chemical deposition method /11/ at the NEC Corporation. Calculated amounts of barium borate powder were weighed and charged into a platinum cell (15x20x3 mm) and then melted at just above the melting point (1150 *C) for 60 min. Then the sample cell was cooled in air to room temperature. The α-phase sample was prepared by maintaining the bulk sample in the electric furnace at 1000 °C for 20 hours and then cooled to room temperature. On the other hand, the ß-phase sample was prepared by maintaining the bulk sample at 850 *C for 30 hours, aand ß-phases were confirmed by the usual X-ray powder diffraction method.
A miniature furnace composed of four small silicon carbide ceramic heaters in a refractory brick, which made it possible to maintain the sample temperature within ±10 'C at the desired temperature below 1400 'C /12,13/, was used. The sample in a platinum cell prepared for the a-or ß-phase of BaB2C>4 was settled in the center of the furnace. The sample temperature was monitored by a Pt-Ptl3%Rh thermocouple inserted just below the platinum cell.
X-ray scattering intensities of melts were measured using a theta-theta diffractometer (Rigaku Denki Co. Ltd.), which permitted the sample to be held in a stationary horizontal position and an X-ray tube and a detector to be rotated in the opposite direction /12/. The diffraction profiles up to Q=125 nm" 1 were measured with Mo Κα radiation, where Q=4nsin0A, θ is half of the angle between incident and diffracted beams and λ is the wavelength of the incident beam. After corrections for absorption, polarization and Compton scattering, the measured intensity data were converted into coherent scattering intensity in electron units using the generalized Krogh-Moe-Norman method /14/ in order to estimate the interference function of i(Q) defined as
where I coh (Q) is the coherent scattering intensity which is directly determined by experiments, <f> the average atomic scattering fact«·, and <f 2 > the mean square of the atomic scattering factor.
The RDF of 4jcr 2 p(r) for a non-crystalline system containing more than two kinds of atoms can be estimated from the interference function i(Q) by the following Fourier transformation:
where p(r) is the average radial density function, and p0 the average number density of atoms.
Results and Discussion
The reduced interference functions, Qi(Q), calculated from the measured X-ray intensity profiles are given in The radial distribution functions of liquid BaB2C>4 at 1150 'C prepared from a-and ß-phase.
For this reason, we employed the interference function refining method /18/ for further discussion. Table 1 gives the interatomic distances and their coordination numbers in near neighboring region for crystalline barium borate of both a-and β-phases. /15.16/. Since the correlations of crystalline BaB204 in both a-and ß-phase in the near neighboring region are considered to be rather similar to each other, it is relatively difficult to find a significant difference in the basic profiles of the structural functions of their melt structure. However, the following point should be kept in mind: Based on a large number of structural information on various liquids /14/, the local ordering in the near neighboring region in the liquid BaB2C>4 is more or less attributed to the characteristic features found in its crystalline structure, and then only a small but certain difference, the split third peak of Qi(Q) in the present case, is likely to be detected in the melt structure.
As for the appreciable difference in the local ordering between the a-and ß-phases, the Ba-0 correlation denoted by four oxygens around Ba at 0.376 nm may be suggested from the list in Table 1 . With this fact in mind, the Qi(Q) function of liquid BaB204 was calculated by the interference function refining method with the initial parameters estimated from the 4% random vacancy model of α-phase. For convenience, the essential equation is given below:
where r;j and Njj are the distance and its coordination number of i-j pairs, respectively, and a mean-square variation corresponding to the magnitude of the peak broadening of the distribution of the i-j pairs. The quantities of r' a ß and σ' α β are the parameters of the boundary region which need not be sharp /19,20/. The first term on the right hand side of Eq. 3 represents the contribution from the discrete Gaussian-like distributions, and the second term corresponds to the contribution from the higher neighboring correlations approximately expressed by a continuous distribution with an average number density. The interference function refining method is commonly used in the structural analysis for disordered systems.
The calculated Qi(Q) functions of liquid BaB2C>4 were obtained by applying several iteration by a leastsquares analysis, and the results are given in Fig. 1 . As easily seen in this figure, the profile of the split third peak in Qi(Q) explicitly depends on whether or not the Ba-0 correlation at 0.376 nm is included. This result surprisingly agrees well with the experimental data presented in Fig. 1 and suggests that the small difference detected in the Qi(Q) function of liquid BaB2C>4 just after melting from the a-and ß-phases may be attributed to the difference in the Ba-0 correlation at 0.376 nm of their crystalline structure.
Some further studies, such as the structural determination of the local chemical environment in liquid barium borate by the anomalous X-ray scattering are needed before the full potential of the present conclusion can be assessed. Nevertheless, the authors believe that the results given here represent the first effort to make further quantitative discussion for the structural aspects of liquid barium borate relevant to the mechanism of its crystal growth from the melt.
